Introduction
The ability of the human cervix and its mucus to exclude many of the morphologically abnormal spermatozoa which abound even in the semen of fertile men has long been recognized (Bergman, 1955; Botella-Llusia, 1956 ). These authors postulated that the selection was due to the quality of the motility of the spermatozoa, while others have suggested the possible existence of a physical filter (e.g. Davajan, Nakamura & Kharma, 1970; Moghissi, 1977) . Subsequent studies on the morphology of human spermatozoa in cervical mucus (Clavert, Brun & Bollecker, 1975; Fredricsson & Björk, 1977; Perry, Glezerman & Insler, 1977) have expanded the earlier findings, but do not agree as to the effectiveness of the 'barrier' of cervical mucus against the migration of spermatozoa with abnormal head forms.
Observations on the morphology of human spermatozoa recovered from the higher regions of the female tract (Fallopian tubes) and the peritoneal cavity are very few. Ahlgren, Boström & Malmqvist (1974) found that spermatozoa recovered from the ampulla, fimbria and pouch of Douglas were consistently of better morphology than those in the ejaculate. Asch (1976) found no morphologically abnormal forms among spermatozoa recovered from the fimbria and pouch of Douglas.
The existence of a morphological selection of spermatozoa within the human female reproductive tract is now generally accepted, but although sperm motility has often been suggested to be the causal mechanism (for review see Mortimer, 1978) (Papanicolaou, 1942) were made of the cervical material, and also of ejaculated semen obtained from the husbands as close to the time of investigation as possible. All slides (one semen and one mucus per couple) were randomized and coded before scoring, when 500 spermatozoa were assessed from each slide at a magnification of x 1000 under oil immersion by bright-field illumination using a Leitz Ortholux 1 microscope. A 'normal' spermatozoon was defined as one having the modal oval-shaped head (see Eliasson, 1975) (Ahlgren et al, 1974) . For all material, the flushings (medium 199 with Earle's salts and Hepes buffer: Flow Labs, Irvine, U.K.) were concentrated by centrifugation (500 g, 10 min) and resuspended in 1-0 ml fresh medium before fixation with buffered glutaraldehyde and processing for surface replication (for details of method see Mortimer, 1981) . Surface replication was chosen for the morphological assessment of these spermatozoa as a method which would provide the most detailed and reliable information on this valuable material (Mortimer, 1981 
Results
These are shown in Table 3 . Any spermatozoa classified as 'disintegrating', and hence of unknown original morphology, were included in the analysis as abnormal. These spermatozoa were presumably undergoing post-mortem autolysis, or phagocytic degradation when flushed from the tract. In spite of this potential bias away from a selection for normal spermatozoa, and the relatively small numbers of spermatozoa available for evaluation, most of the differences between the semen and uterus and between the semen and Fallopian tubes were significant (Table 3) . There was an increase in the overall proportion of spermatozoa with normal head form (and no other defects, for example see Fig. 1 of Mortimer, 1981) in the uterus and oviducts, and a decrease in the incidence of spermatozoa with midpiece and/or tail defects. Spermatozoa with simple coiled tails were not considered as abnormal because it is known that this feature may also be caused by osmotic stress (Drevius, 1975) (Appell & Evans, 1977) .
After randomization and coding, the morphology of 200 spermatozoa from each of the 'initial' and 'selected' slides was assessed (by D. M.) at a magnification of 1000 under oil immersion by bright-field illumination using a Reichert Univar microscope. Sperm morphology was evaluated using a multiple entry system so that for each spermatozoon the morphology of the head, midpiece and tail was classified separately.
As shown in Table 4 , in all but one of the samples there was a significant improvement in the proportion of progressively motile spermatozoa in the 'selected' population, and in 9 of the samples there was also a significant improvement in the proportion of spermatozoa of normal morphology. In Samples 7 and 9 the improvement in morphology was not significant, and in Sample 12 there was a significant increase in the proportion of normal spermatozoa but no apparent change in the proportion of motile cells. Percentages are calculated within head morphology categories. For totals of head types, percentages are calculated with respect to the total number of spermatozoa counted (i.e. 2400 'initial' and 2400 'selected').
Significantly different from value for spermatozoa with normal heads: *P < 0-05, fP < 0-001 (2x2j^tests on actual counts). Table 5 shows a more detailed analysis of the sperm morphology counts. Among ejaculate ('initial') spermatozoa with an abnormal head form there was a high incidence of midpiece defects and these defects often occurred simultaneously with tail defects. Spermatozoa with coiled tails were considered separately for the same reasons as outlined in Study 2. Among the 'selected' spermatozoa there were still significantly more spermatozoa of abnormal head form with midpiece defects, but the proportion with tail defects was not different from that for spermatozoa with normal head form.
In the selection of motile spermatozoa, cells with defective midpieces and/or tails, irrespective of head morphology, were clearly at a disadvantage. Coiled-tail or immature spermatozoa (i.e. those with residual cytoplasmic droplets) were only apparently at a disadvantage if they had abnormal head form. The coiled-tail values may reflect the proportion of such spermatozoa which are truly abnormal, but it could also reflect the incidence of the artefact in seminal plasma and the artificial medium.
Discussion
The results of Studies 1 and 2 confirm the existence of a selection for morphologically normal human spermatozoa within the cervical mucus, the uterine lumen and the Fallopian tubes. The penetration of the cervical mucus is considered to be dependent upon sperm motility (Overstreet & Katz, 1977; Mortimer, 1978; Insler, Bernstein, Glezerman & Misgav, 1979) . Information on the morphology of the spermatozoa at the site of fertilization is limited. Ahlgren et al. (1974) reported that between 79 and 98% of spermatozoa recovered from the ampullae were morphologically normal, whilst Asch (1976) stated that no abnormal forms were found in the pouch of Douglas. Our results show that the latter statement is an over-simplification, and that a few 'abnormal' spermatozoa may reach the site of fertilization. This is in accordance with findings in other species (mouse: Krzanowska, 1974; de Boer, van der Hoeven & Chardon, 1976; rabbit: Mortimer, 1977a, b) . However, detailed evaluation of the morphology of spermatozoa recovered from the various parts of the female tract shows that the selection of spermatozoa is largely achieved by reductions in spermatozoa with midpiece, tail, and other defects which might be expected to impair their motility.
Experiments on the selection of motile spermatozoa in vitro by several different systems have been reported (e.g. Botella-Llusia, 1956; Kremer, 1965; Ericsson, Langevin & Nishino, 1973; Goodall & Roberts, 1976) . Any system has technical problems, but the present apparatus (Text- fig. 1 ) is considered to be a successful compromise between elimination of the possibility of mixing by convection currents while retaining a 'high transparency' interface. While the possible selection across a simple membrane is not as strict as that exerted by a column of mucus (either in vivo or in vitro) the present system does permit a standardization of the selection mechanism on a long-term basis, a feature impossible with cervical mucus.
The in-vitro selection experiments, with simultaneous multi-parameter scoring of sperm morphology, revealed that spermatozoa with an abnormal head form have a greater incidence of other defects than do spermatozoa with a normal head form. This confirms previous reports of a different distribution of various abnormalities in 'normal' and 'abnormal' spermatozoa (Fujita, Miyoshi & Tokunaga, 1970; Fredricsson, 1978; Souchier, Czyba & Grantham, 1978) . The absence of a significant increase in the incidence of spermatozoa with abnormal head form but otherwise normal morphology in the presence of such a highly significant difference in the general incidence of spermatozoa with abnormal head form was unexpected. However, 4 of the semen samples did show a relatively high incidence of what would be considered borderline pyriform heads (Samples 1, 4, 8 and 12) with three of these (Samples 1, 8 and 12) also containing numerous borderline tapering forms. In these men the existence of 'borderline abnormal' head forms (i.e. those only slightly different from the modal oval form seen in the general population) may not be important, and if such spermatozoa have normal motor apparatus they are, essentially, 'normal'. The parameters of head shape are known to be genetically controlled in rabbits and mice and vary both between and within strains (see Beatty, 1970 Beatty, , 1975 (Smith, Oura & Zamboni, 1970) and diploid (Maudlin & Fraser, 1978) mouse spermatozoa are able to fertilize eggs, and it is probable that diploid rabbit spermatozoa are also intrinsically fertile (Mortimer, 1979 
